The chemical composition of the deproteinized, delipidated cell walls of five strains of BCG and of an attenuated human strain of Mycobacterium tuberculosis has been established, with special focus on their poly-L-glutamic acid content. All the cell walls have the same overall composition. Their poly-L-glutamic acid content varies from 0 to 4.6%. A correlation between the poly-L-glutamic acid content and the biological properties of the BCG strains reported in the literature could not be established.
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Mycobacterial cell walls injected into experimental animals in a proper vehicle can display most of the biological properties of whole bacilli (13, 14) . They are active as adjuvants (1, 5) , and they can vaccinate against tuberculosis (2) and also be used as antitumor agents (9, 27, 29) .
The adjuvant activity of mycobacterial cell walls seems more or less identical for all strains (1, 5) , but the antitumor activity depends on the particular strain. Zbar et al. (29) , for instance, have shown that in their antitumor system (28) Mycobacterium smegmatis cell walls are inactive, whereas the cell walls of BCG, M. tuberculosis H37 R., and M. kansasii are active.
Previous work has shown that cell walls of human virulent strains of mycobacteria contain a polyglutamic acid (22, 26 ; N.P.V. Acharya, Ph.D. thesis, Univ. of Paris, Orsay, 1967), which was proved to be a partly amidated polya-L-glutamic acid (25) . This polymer, which represents 8% of the cell wall of M. tuberculosis Br6vannes (25) , is also found in the cell wall of BCG Pasteur (26) but is absent from those of the avirulent species M. smegmatis and M. phlei (25) . These observations prompted us to study the chemical composition, especially the poly-L-glutamic acid content, of five BCG strains and of an attenuated human strain, M. tuberculosis W 115 (23), having similar vaccinating properties. The biological activities of some of these strains have already been compared (10, 15, 20) ; our paper is a contribution to the investigation of the possible relationship between the reported biological properties of a BCG strain and the chemical composition of its cell wall. harvested by filtration, washed with distilled water, and kept at -20 C until used.
Preparation of cell walls and their fractions. (i) Deproteinized, delipidated cell walls. Cells were homogenized with five times their weight of distilled water in a mixer. This suspension was passed three times through a Menton-Gaulin apparatus under a pressure of 750 to 850 kg/cm2, and deoxyribonuclease was added after the first passage. The cell walls were then separated by differential centrifugation and treated with proteolytic enzymes as described by Wietzerbin-Falszpan et al. (26) . These deproteinized cell walls were then submitted to delipidation with acetone (three times), ethyl ether-ethanol (1:1, vol/vol twice), chloroform (twice), and chloroformmethanol (2:3, vol/vol, twice).
(ii) Acid-treated cell walls. The deproteinized, delipidated cell walls were treated as described by Wietzerbin-Falszpan et al. (26) with 0.1 N HCI for 12 h, but the redelipidation was carried out with chloroform-methanol (2:3, vol/vol), and the acid-treated cell walls were separated by centrifugation at 27,000 x g for 30 min and then washed with acetone and dried in vacuo.
(iii) Peptidoglycan solubilization with egg white lysozyme. A 100-mg amount of acid-treated cell walls was suspended in 40 ml of 0.1 M ammonium acetate buffer (pH 6.2) with 2 mg of egg white lysozyme (Industrie Biologique Franqaise, Gennevilliers, France) and a few drops of toluene. This suspension was incubated at 37 C for 16 h and then centrifuged; the residue was dried in a vacuum and the supernatant was lyophilized three times, giving a product called "lysozyme-solubilized fraction."
(iv) Preparation of poly-L-glutamic acid from the mycobacterial cell walls. Deproteinized delipidated cell walls (200 mg) were suspended in 20 ml of 0.1 N HCl and hydrolyzed at 100 C for 3 h in a closed vessel (25) . This suspension was then centrifuged at 20,000 x g for 20 min. The supernatant was discarded, and the pellet was thoroughly mixed with 4 ml of 0.5 M NaOH for 15 min. The poly-L-glutamic acid dissolved under these conditions was recovered by centrifugation at 20,000 x g for 15 min, filtration of the supernatant on Whatman no. 1 paper, and ethyl ether delipidation (five times). The poly-Lglutamic acid in alkaline solution was then precipitated by adding 2.5 ml of 1 N HCl (the pH drops to about 1). The precipitate was separated by centrifugation at 20,000 x g for 15 min, and resolubilization was carried out with NaOH as above. The procedure of solubilization and precipitation was repeated three times with 0.5 N HCl and dried under vacuum. three times with 0.5 N HCl and dried under vaccum.
The poly-L-glutamic acid from M. tuberculosis strain Br6vannes was prepared by the method of Wietzerbin et al. (25) .
Analytical methods. Amino sugars were measured after hydrolysis in 4 N HCl at 110 C for 4 h by the method of Elson-Morgan as modified by Belcher (8) . Neutral sugars were measured by the orcinol method (19) (11) .
RESULTS
The chemical composition of the deproteinized, delipidated cell walls is given in Table 1 .
All six preparations have the same overall composition, the main differences appearing in the content of neutral sugars and bound lipids; M. tuberculosis W 115 and BCG Pasteur are richer in neutral sugars and poorer in bound lipids, whereas Glaxo shows the inverse trend. The amino acid composition is given in Table 2 .
In all these cell walls the content of non-peptidoglycan amino acids is low, the main member of this class of amino acids being L-glutamic acid.
To further investigate the amino acid composition of the peptidoglycan, the cell walls were submitted to partial acid hydrolysis to solubilize the arabinogalactan. Most of the mycolic acid could then be extracted by chloroformmethanol (2:1, vol/vol) (6) . Acting on such cell walls, lysozyme solubilized about 60 to 70% of the peptidoglycan (calculated on the amount of a,E-diaminopimelic acid [DAP] solubilized). The amino acid composition of this lysozymesolubilized fraction is shown in Table 3 .
In all the six strains investigated the ratio of alanine to DAP is about 1.5:1. As shown by Wietzerbin et al. (24) , this low value is due to the presence of DAP-DAP interpeptide linkages, the existence of which could be further demonstrated in the cell wall of all six strains studied here by the isolation of (DAP)2 peptide by partial acid hydrolysis (E. Tzagarakis, unpublished data).
In this lysozyme-solubilized peptidoglycan the ratio of glutamic acid to DAP is nearly one and most of the glutamic acid is D. However, in some strains a small part of the glutamic acid iS L.
Except BCG Montreal, all the cell walls contain L-glutamic acid (Table 4) . From the five strains containing L-glutamic acid we could isolate a polyglutamic acid by partial acid hydrolysis of trypsin-chymotrypsin-treated cell walls.
Assuming that all the L-glutamic acid belongs to this polymer, we could estimate the percentage of polyglutamic acid present in the cell walls (Table 5) .
The molecular weight of this polymer was measured by dansylation of the isolated polymer (Table 5 ). Since these polymers have been obtained by partial acid hydrolysis, the molecular weights measured are to be considered as lower limits and are probably not the exact molecular weight of the native polymer. However, since all of them have been extracted by the same procedure, one has to admit that there are differences in the molecular weight according to the strain. DISCUSSION Many authors have tried in the past to determine parameters that would provide for choosing the "best BCG" strain for the prevention of tuberculosis and for tumor immunotherapy.
Sher et al. (20, 21) , for instance, determined the abilities of strains of BCG to replicate "in vivo" and divided the strains into a high, intermediate, and low category of virulence; they then tried to relate this parameter to other biological properties. Mackaness et al. (15) studied the immune response to different strains and found that BCG Pasteur was the most and Glaxo the least immunogenic. Asselineau and Portelance (3) studied the free lipids of eight BCG daughter strains and found only small differences; BCG Montreal was reported to be devoid of cord factor.
In this paper we studied the chemical composition of deproteinized, delipidated cell walls of five BCG strains and of an attenuated vaccinating strain of human origin, M. tuberculosis W 115, in the hope that it would be possible to find a correlation between the chemical composition of the cell wall and the biological properties of the different strains reported in the literature.
The overall composition of the cell walls of the six strains is not very different (Table 1) . However, BCG Glaxo, which is considered to VOL. 13, 1976 on October 26, 2017 by guest http://iai.asm.org/ Downloaded from have a low immunogenicity (15) and a low virulence (20) , contains larger amounts of bound lipids and less neutral sugars.
Since previous work has shown that cell walls of virulent strains of mycobacteria (pathogenic or vaccinating) contain L-glutamic acid (12, 18, 22, 25, 26) , which we could isolate as a partly amidated poly-a-L-glutamic acid from M. tuberculosis Br6vannes (25), we focused our attention on the quantity of this polymer present in deproteinized, delipidated cell walls and on one of its properties, which might be important for biological activity, namely, its molecular weight.
This polymer is present in five of the six cell walls studied; we could not detect it in BCG Montreal. In the other strains, its amount, calculated from the quantity of L-glutamic acid present in purified cell walls, varies from 0.6% in Tice to 4.6% in M. tuberculosis W 115. It is noteworthy that the highest amount is present in M. tuberculosis W 115, which is an attenuated strain of human origin, and that BCG Pasteur, which is highly immunogenic (15) and is used with success in tumor immunotherapy (e.g., see 16) , has the highest content (2%) of the five BCG strains studied.
Axline et al. (4) have shown that in mice synthetic poly-L-glutamic acid injected intraperitoneally induces a significant resistance to infection with an intracellular bacterium, Listeria monocytogenes, and that its activity is related to its molecular weight; in view of these results, the variations in the molecular weight of the polyglutamic acid reported in Table 5 might be significant.
In the BCG strains, a small part of the glutamic acid solubilized by lysozyme treatment of acid-treated cell walls is L (Table 3) : this could be an indication of a covalent linkage between peptidoglycan and poly-L-glutamic acid in the cell wall.
In conclusion, we could not show clear-cut correlations between the biological properties of the strains studied here and the chemical composition of their deproteinized and delipidated cell walls. The presence of polyglutamic acid does not seem to be an absolute requirement for immunogenicity and antitumor properties, since in BCG Montreal, which is a "good" strain, we could not find this polymer. Cord factor, which also plays a role in vaccinating and antitumor properties of mycobacterial cell walls (7, 17, 29) , does not seem an absolute requirement for the biological activities of living BCG, since Asselineau and Portelance (3) could not detect it in BCG Montreal.
There thus does not seem to be a simple relationship between the biological properties of living BCG strains and the composition of their cell walls. The differences in composition reported here between the cell walls of the different strains may, however, prove to be of importance for their use as nonliving vaccine or immunostimulants.
